Whether Golgi biogenesis occurs by self-assembly or around a pre-existing template is currently a matter of debate. Recent studies have shown that Golgi structural proteins are more dynamic than previously thought, suggesting that self-assembly of the Golgi complex may be possible.
In addition to enzymes, the Golgi complex contains another class of resident proteins referred to as Golgi matrix proteins, so-called because they form an insoluble 'matrix' upon detergent extraction. These proteins are thought to play an important role in determining Golgi structure [6] . The best characterised matrix proteins are giantin, an integral membrane protein, and GRASP65 and GM130, peripheral membrane proteins tightly associated with the cytoplasmic face of the membrane. Upon BFA treatment, Golgi matrix proteins remain distinct from the ER and instead accumulate in cytoplasmic structures referred to as Golgi 'remnants' [7, 8] . Similarly, in cells expressing a GTP-restricted Sar1p mutant in which Golgi enzymes relocate to the ER, matrix proteins remain in a peri-centriolar ribbon-like structure [8] . It has been proposed that matrix proteins form a structural scaffold that can exist independently from Golgi enzymecontaining membranes. This may correspond to the template predicted by the model for an autonomous Golgi complex.
Two recent studies [9, 10] have re-examined the behaviour of Golgi matrix proteins and now find that these proteins are more dynamic than previously thought. Kinetic analysis of a GFP-tagged version of GRASP65 showed that, surprisingly, it undergoes rapid exchange with the cytosol [9] . Upon BFA treatment, GRASP65-GFP appears on peripheral structures without any detectable movement from the Golgi region. This occurs prior to loss of enzymes from the Golgi complex, arguing against the idea that these structures are remnants left behind after Golgi disassembly. Rather, co-localisation experiments suggest they correspond to ER exit sites.
Co-localisation of matrix proteins with ER exit sites is also observed in cells expressing moderate levels of GTP-restricted Sar1p, although in this case the ER exit sites are clustered in the centre of the cell [9] . Expression of higher levels of GTP-restricted Sar1p In de novo assembly, Golgi proteins present in the ER can exit and self-organise to form a new Golgi complex that is in dynamic equilibrium with the ER. With template-mediated assembly, a new Golgi complex is generated around a preexisting template that is independent from the ER. . These results suggest not only that matrix proteins undergo rapid exchange with the cytosol, but that they also undergo cycling through the ER. This implies that all Golgi residents are in dynamic equilibrium between the Golgi complex and ER. If all Golgi residents cycle between the Golgi complex and ER, then is it possible to generate a Golgi complex de novo in the absence of a pre-existing template? This idea has been tested directly by generating cytoplasts lacking any detectable Golgi but containing significant amounts of ER, and analysing whether the cytoplasts can make a new Golgi complex de novo [11] . No Golgi complex was made in the cytoplasts, suggesting that assembly cannot occur in the absence of a template. An alternative explanation is that cytoplasts are deficient in molecules required for efficient ER-to-Golgi transport and for that reason fail to re-grow a Golgi complex. Unfortunately, it is not possible at present to distinguish between these two possibilities and the issue is unresolved. Other experimental approaches may therefore be required to determine if self-assembly is possible. One way to address this may be to generate a reversible (temperature-sensitive) version of the GDP-restricted Sar1p mutant. Golgi biogenesis could then be studied in cells in which both Golgi enzymes and matrix proteins are located in the ER. Another useful approach may be the development of cell-free Golgi biogenesis assays.
ER
Golgi biogenesis takes place every time mammalian cells exit mitosis. Does this occur by de novo assembly from the ER? If so, then all Golgi residents should relocate to the ER during mitosis. As ER exit is blocked in mitosis [12] , Golgi residents would be expected to accumulate in the ER if they undergo cycling through this compartment. In line with this, it was recently reported that a triple GFP-tagged Golgi enzyme relocates to the ER in mitotic cells [4] . It was later found, however, that this protein also localised mainly to the ER during interphase, possibly as a consequence of misfolding [13] . In a number of other studies, both Golgi enzymes and matrix proteins were found to remain separate from the ER throughout mitosis, localising either to vesiculo-tubular clusters (mitotic Golgi clusters) and/or free vesicles dispersed throughout the cytoplasm [13] [14] [15] [16] . These findings argue against de novo assembly in its purest sense. They do not, however, exclude the possibility that some Golgi proteins relocate to the ER in mitosis and then participate in post-mitotic Golgi assembly.
Even if the Golgi complex is capable of self-assembly, it does not mean that it uses this mechanism during cell division. Whether it can or not is likely to depend upon the time it takes for self-assembly to occur. If self-assembly is a slow process, then it may not be fast enough to allow completion in the time it takes for cells to divide. In this case, a template may be required to facilitate a more rapid and ordered assembly. The extent to which Golgi assembly depends upon the ER is also likely to depend upon the rate of Golgi protein cycling through this compartment. If cycling is sufficiently fast, then Golgi proteins would be expected to accumulate in the ER during mitosis. If cycling is too slow, then proteins will fail to accumulate in the ER in mitosis. A more detailed understanding of the fate of different Golgi resident proteins in mitotic cells should reveal to what extent the Golgi remains distinct from the ER in mitosis, and therefore to what extent the Golgi is dependent upon this organelle for its biogenesis.
